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ABSTRACT 

Understanding why students are not naturally and 
easily able to generalize or apply what they have learned in other 
situations involves understanding what teachers want their students 
to learn; what learning is; what teaching is; and what is involved in 
generalizing or applying what has been learned. Research in 
educational psychology identifies three major types of knowledge: 
rote (i.e., memorization), declarative (i.e., knowledge of concepts) 
and procedural (i.e., knowledge of a physical or intellectual 
process, method, or skill). Knowledge does not automatically transfer 
between declarative and procedural knowledge. If teachers want their 
students to know about and be able to do things in different domains, 
both declarative and procedural knowledge will have to be taught in 
the same or each different domain. Learning results in the growth of 
new structures in the brain. New dendrites and synapses construct 
elaborate neural networks between neurons. Brain structures do not 
magically transfer information. Declarative knowledge is grown on 
different neural networks than procedural knowledge. The following 
learning principles can help teachers help students: (1) learning is 
physiological; (2) new brain structures grow with practice; (3) brain 
structures grow precisely and exclusively for what is practiced: (4) 
each person has their own unique pattern of brain structures; (5) 
students need to construct basic networks before they can construct 
more compi ex ones ; (6) brain structures grow when learners are 
active; and (7) emotions affect the growth and function of brain 
structures. Teachers should help students make personal connections 
to new material and be allowed ample time to practice. (KP) 
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We teach 
students ■ 
.something. 
B We - -expect 
that once 
they .have, 
learned it, 
they will be 
able to use or 
apply or gen- ' 
eraliz > it. in 
different situations. But students • 
'typically seem to have trouble 
applying-what they have learned. 
This is . frustrating, and 
disappointing both for us and for 
our'students.N* ■ ' / 

Why aren't students "naturally 
and easily Me to generalize or 
apply what they have learned iii 
other, different.situations or with 
, other, different tasks? 
'[ There are a.humber of ques- 
.... tions that are involved: 1) What do 
'\ve want our students to leata? 2) 
. Whatsis learning? 3) . What is 
teaching?- 4) What is involved in 
generalizing or applying what' one 
has learned?, ^ 



WbatDoWcWant 
Our Student* to Learn? 

The research in educational 
psychology identifies three major 
types of knowledge. 

One type of knowledge is 
"rote" knowledge*. This is know- 
ledge that is memorized in a given . 
way and that's all the students know 
about it: They can recite it back but 
don't necessarily understand what it 
means and typically can't use it in 
any thoughtful or creative way! . 
Some rote knowledge, however, 

• might be useful,; as'when students 
memorize the multipUcadon tables. 

Another, type of knowledge is 

• called "declarative" knowledge. 
This is knowledge'abqut something ' 
(pot merely memorized knowledge 
.like rote knowledge)* For exampk, ' 
declarative knowledge is knowing ' 

■ ( or understanding what the book or 
teacher says. jL\ order to help our 

• students learn about the ideas or • 
information in our lectures ^nd/or 

- texts we might give .them reading 
/ assignments; we might encourage . 
. student to ask question we might 
" facilitate class discussion;, we might 
ask .students to write ab6ut what 
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* they have read; we might have 
*; . students give their own opinion? 
.about -the ideas or information. 
After we % have done, this/ we might 
. * * ? 'giyethema # ^tten'test so^atwe 
'. c^n evaluate whether they have 
•mdeed' acquired this declarative 
'knowledge;' / V- 1 . 
. Hie third type of knowledge is 
. * t called "procedural" knowledge^ 
TTusis kno\vledge of how-to do or 
'. use. or -£pply a physical and/or 
* # ^intellectual process, method, or sk$L 
- ' ;For example, being able to perform 

• an experiment, write a papen' or run 

' a piece of equipment is procedural . 
knowledge. Some ways we can help 

. students acquire procedural know- 
ledge is by guiding them as *hey go 
. . -s'tep-by-step through a 'process or 

• through the*application of a meth- 
. • ; od. Students need, repeated oppor- 
tunities for independent, authentic 
.practice, that is, for doing the actual 
activities of the target method, 
process, "or skill itself. After they 
have done this practice, we might 
give them a performance test so toat 

* we, can see whether they have 
' indeed acquired this procedural 
t knowledge. 

When declarative* and proce-* 
dural knowledge are separated, 
students know either about the 
ideas and information qr they know 
how to do or use v or. apply a method, 
•process or skilL For example, when 
declarative and procedural know- 
ledge axe separated, -students might 
understand dejdarative knowledge 
about the importance of safety in a 
lab or shop. They might have heard 
' a lecture, seen a. demonstration, 
• • . 'read a text about the importance, of 
! ; safety. They might have taken and 
passed a fest on this .purely 
declarative knowledge. And, yet, in 
.. '* . . the lab or shop* they' seem .to have 
• . forgotten what they leamed or seem 
unable to apply their declarative 

* * .knowledge* 

Another example is the high 
q * degree of declarative knowledge 
£ RJjC a ^° ut Englkh grammar that borne 



ESL students have along with 2 low • 
. degree of procedural knowledge of . 
how* to use this declarative know- 
ledge in their own writing. They 
excel at workbook exehoses,' in drill 
. arid practice activities, and on 
• standardized tests About English * . 
grammar; ytfe their ability to apply ' * 
that dedarative knowledge to their * 
own writing is so low that their 
* writing looks, contrary to* fact, 'as 
x * though the^y havea low degree- of 

declaralivej'lmowledge. m : * " 
: m , t This is to' be expected: research 
in educational psychology shows us • 
that knowledge* does not automa- . 




ticalJy or ; naturaliy'transfer between \ 
declarative knowledge and proce- , 
dural knowledge. Thus, wjien 
students don't generalize, or apply 
•the declarative knowledge* that they 
have»acquired, it is probably be- 
cause they have not also acquired 
'the related procedural knowledge of 
how to apply it 

But without . the related 
procedural knowledge, purely . 
declarative knowledge will remain 
•knowledge on words only and not 
knowledge in action or application. , 

On the other side of die coin, 
when students have only proce- 
dural .knowledge but' do not have 
declarative knowledge, they can do • 
something but they do,not neces: 
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sarily understand v/hat they are 
doingorwhy „ ' . • 

• What do we, 5n ^ct want our 
s&idents to learn? Do we want 
them exclusively to memorize rote • 
knowledge? Do ive want them 
\ exclusively to learn about some-. 
, thing? Do we want diem exclusive- ' 
. * ly to learn how to do or use or apply 
'something? Or do we want them to 

• understand what the book and 
.teacher said and also to use our 

disciplines methods and knowledge 
in a creative land- critical thinking 
way (declarative plus procedural 

•knowledge)? . 

For the majority of our 
students, whatever; different .things 
we want them to leam, we have to 
teach each different thing. If we 
want them to be able to apply their 

. declarative knowledge, we need to 
teach them how to apply that 
declarative knowledge. If we want 
them to .know about— and also be 
able to do — things in different 

. domains, then we need to teach 
both declarative knowledge and 

• .procedural knowledge about each 
"thing in the same domain or in, each 
differentdomain. . ' 

What h Learning? 

Learning is growing new 
structures in the brain. - This 

• , growing is done by the brain itself; it 
. is born knowing how to do it and 

• does it naturally. (Please also see 
Qamut. 1990-1991.) 

The brain has perhaps 100 
* billion nerve cells (neurons). Each 
neuron looks like a plant root with 
fibers growing off other fibers^ Most 
' of these nbors are called dendrites.. 
Over-simplifying the process, we 
'can say * that* neurons make' 
, connections— or* communicate — 
with each pther .through their 
' dendrites. Each point of communi- 
cation/connection . is called a 
synapse. Each neuron might have 
10,000 'synapses with \ other 
^ neurons. M thinking and memory 
Ccnttmudonpage^l ' 
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Acquiring Knowledge 

* Continued front page 1 7 

is .based on this communication 
. between neurons. (As .discussed in the 
'.1990-91 Gamut article* these physiolo- 
gical brain structures can also be 
conceptualized as mental schemas or 
, concepts, as knowing.) 

. When we're torn we have all the 
neurons well ever have; but when we 
learn, we grow new dendrites ( on the 
neurons and form hew connections 
between the neurons. Learning, in fact, 

• is nothing other than our brain's 
growing new.dendrites and synapses — 



and constructing elaborate neural 
networks between neurons— specifi- 
cally for whatever we are specifically 
.attending to, specifically 'experiencing, " \ 
specifically practicing; In short,, our? ... 
brain tailor-makes new dendrites/ 
• synapses, and neural networks for each' ' 
new specific, thing while we are • 
attending to, e^qperienong or practiciiig 
it. 'These new tailor-maae brain 
structures cannot be used £or 
something else because they were - ' 
.grown and constructed specifically] 
with exquisite precision, for only the ' 
one thing we wef e' attend.ing to and 
were growing them for. Brain 
structures don't "magically" transfer. 
They remain as they were constructed 
until and unless future learning, 
experiences modify "them. 

This is why transfer from one 
^thing we've learned to some new and 
different thing is generally not possible. 
We learn only what we grow the new 
dendrites, synapses, 'and neural • 
networks for. If we want to learn 
something new and different, then we 
need to grow new and different tailor- v • 
made dendrites, synapses, and neural 
networks. • 

Learning new declarative know- 
ledge means we are growing new den-..- 
drites, synapses, and neural network 
for that specific new declarative know-" ( 
ledge. Learning new procedural 
knowledge means we are growing new 
dendrites, -synapses, and neural 
networks for that particular new 
procedural knowledge. Likewise, when 
we acquire knowledge in different 
domains, we grow specific and different 
dendrites, synapses, and neural 
network for each new thing learned in 
• each different domain. 

* For this reason! learning must be 
authentic. That is, as noted above, 
students need to learn the target 
knowledge by working on or with that n 
.knowledge itself. For instance; wnen 
'the target knowledge for developmental 
English students is to write with correct 
jCTammar and we teach it by having , 
them doing drill and practice in a 
workbook or on a computer (electronic * ' 
•workbook), they^are growing new, # . 
dendrites, synapses, and neural 
networks for doing grammar^ in 
Contututp on page 42 



/ .* Acquiring Knowledge 

• * ContuuuBfrom page 41 , 

. workbooks tut none for the target 
knowledge of how to use correct 
grammar in fheiir own writing. To Kelp 
'students learn how to use correct 
grammar in their own. writing, they 
need authentic practice to learn/grow 
brain^structures for precisely this target 
knowledge. They need authentic, 
practice for this 'target knowledge not 
Inauthentic practice with non-target 
knowledge that students must then 

. "magically" transfer or transform into 
the target knowledge. Such transfer 
does not happen- . 

WbatbTazcLuxg? 

• Teaching Is helping students grow 
new dendrites, synapses, and neural 
networks, . 

What Is Involved In generalizing or 

• applying what one has learned? : 

• When the dendrites, synapses, and 
neural network of each separate thing a 
student has learned grow enough to 
make contact with the well-grown 
neural network of a different thing, an 
"aha" experience occurs and learners 
say, "Oh, now I see how, they relate." 

• T nc y sec tn ^ s because the two neural 
networks have made physical contact • 
and now they do, In fact, physically 

• relate. At this moment, learners are * 
finally able to see or grasp that— and 
how — the different things relate. 

The reason this connection occurs, 

• again to over-slmpjify, Is that the * 
dendrites, -synaps.es, and neural 
networks that during'* learning 
experiences have been growing. for the 
different'related tjiings— or things that' 

• we are trying to lead our students to see * ' 
. as related'— become so rich and. . 

numerous that the two neural networks . 
' are finally able to interconnect At that ' 
• „ P°^ t the* students can begm to make— 
and do begin to' make— connections 4 
that they couldn't have made when 
! there wasn't rich enough dendrite], / 
synapse, and neural network growth ' '. 
, for both things to enable their two " '■ 
. neura l networks to interconnect . . # . '■ ; 
V . ' \- This means that easy and tarly 
appHcaboh, transfer, and generalization 
© } not naturally occur for the majority 



. of students, -All students, however, can 
eventually connecf) relate, and , 

• synthesize their knowledge of different 
domains or related knowledge in the* 
same domain— but only after they 

' spend a critical amounf of time doing a 
critical amount of dendrite-synapse- 
network-growing for each different* 
knowledge about each different thing. 

• On the other hand, students can 
usually transfer between tasks and 
situations ^that are identical or almost * 
identical, as in electronic or printed 
workbooks or in worksheets. But Is 
this the kind of transfer that is our goal 
for our students? \ 

< Average 
. Scored. 



• pre-test for ability to identify. 

•'prepositional .phrases (PPs) and 
subject-verb pairs (SVs) in their own 
writing, both* groups scored low (see 
• graph). For the first week of the 
experiment, all students were taught 

,. together about PPs, a simple clement 
for 40 minutes of each class.' In the last 
10 minutes half practiced identifying 
PPs In. a workbook' wMe the other half 
practiced Identifying this~element in 
their own writing.' After a week they 
took a post-test, identifying'this element 
in their own writing. For "the next two 
weeks, all students .were taught togeth- 
er about SVs, a very complex element 
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An experiment to test -this 
hypothesis: . J .. 

, To test the. hypothesis that neural 
networks are tailor-made for the 
specific thing that is practiced, U 
performed the following experiment 

. \ ' Developmental English'students 
■ who learn grammatical elements from a 
. workbook do pot transfer or apply, that 
knowledge automatically to their own 
.writing. ' 

Method: 25 students* *in a 
Developmental English class (ENG. 
094) with an average 6th *grade\eading 
level and lack of knowledge'of 
grammatical elements' were randomly. 

assigned ta two groups (12/13). On a 

♦ ** 

42 '6 



and practiced in two groups as they had 
. for PPs, followed by a similar, post-test 
'Rcjulfa: The workbook group 
.. practiced on an average of 158 PPs 

while the self-work group practiced on « 
• an average of only 33 PPs (the writing . 
: took more time), for a 5:1 difference. ' 

ThePP post-test shows the workbook 

group did better;. however, statistically, 

the amount of this difference is. 
. insignificant For die SV.practices the * 

workbook group practiced on an- 
. average of 94 SVs while the self-work 
■ group had an'average of again there j 

was a 5:1 difference: In the post-test/* 
!there were three very interesting 
, results: 1) the self-work group did ' 

significantly better statistically than the 



-workbook group; 2) the self-work! ' 
group did better on this more complex m 
topic than they had on the simpler PPs; 
3) the ^vorkbook group did sigroficandy 
worse than they had done on the PPs.' 

ConcLuionw 1) It seems that using . 
workbooks not only did not help the 
workbook group transfer their 
knowledge of SYs from the workbook 
to their own writing, but it was actually 
counterproductive. 2) It seems that 
even though the self-work group 
practiced five times less than the 
Workbook group, they learned how to 
identify the complex SV element in 
their own writing better tHan the 
workbook group. 3) These students 
learned what they practiced. The . 
group that practiced on their own 
writing the target task of identifying 
these elements in their own writing 
succeeded better than the group that 
practiced in workbooks, even though 
the workbook group practiced five 
times as much. 

Lcanwig for Empowerment 
Physiological Principles and Their 
Implications for Teaching 

Since synthesizing and gener- 
alizing occur when dendrites, synapses, 
and neural networks grow large and 
rich enough to interconnect, in order to 
see how to help our students learn 
procedural and declarative knowledge 
and to generalize and synthesize 
different knowledges, we need to see 
how to help them grow their neural 
.structures (that is, form mental schemas 
or concepts). 

1. PRINCIPLE: Learning is 
physiological:* new brain structures 
grow during learning, and learning is 
the growing of new brain structures. 
Learning and growing new- brain ■ 
structures are the same diing. v \ 

IMPLICATION: Teaching is like 
gardening; we need to help students 
grow n«w organic brain structures* ' 

\ 2.. PRINCIPLE:, New brain \ 
structures grow with practice, ie., by • 
our making. and correcting mistakes 
and trying again, and usually new brain . m 
structures take time — a lot. of,, 
practice— to grow. (See Gonial ,1989.) 
IMPLICATION, It help v if 



everyone believes that mistakes are * / 
necessary, inevitable, and important . 
part of learning: 'we learn by making 
and correcting our mistakes, and trying 
again. We can." say to our students, 
"That was a good mistake —.now year 
can learn something." % 

% IMPLICATION: It will help if 
we provide a lot of time for practice. . 
The time ' spent on . authentic' 
practice/feedback is some of the most 
well-spent -class time. 

. 3. PRINCIPLE: Brain structures 
grow precisely and exclusively for what 
is practiced: brain structures that grow 
for one thing are exclusively for only 
that one thing -and do not "magically" 
change. 

IMPLICATION: Students need 
authentic practice with the target 
knowledge, so they can grow brain 
structures for it. 

4. PRINCIPLE: Each person has 
his/her own unique pattern of brain 
structures because we grow them for 

. everything we experience, and each 
person has different experiences. Also, 
new brain -structures grow off old ones, • 
i.e., new things must relate to old things, 

IMPLICATION: For each new ■ 
thing we teach, it would help if, as a first 
step, we End a way to have all students . 
make* a personal connection with the 
n w thing so that they can relate the 
new to what they already know. (See 
Gamut 1990-1991.) 

5. PRINCIPLE Students need to 
construct basic; foundation brain 
structures about each new thing before • 
they can construct the dendrite/syn- 
apse/neural network— rich, higher 

. structures needed for critical/creative 
thinking about it, k which they will do . 
naturally; as an innate ability— but only 
after they have first constructed the . • 
basic structures. (See Gaimd 1989.) 
•' IMPLICATION: Expect that ' 
students with prior experience in a r i 

' subject have a brain .structure 
advantage* and can startat a higher 
level than* students' without this 

' advantage who will need^to begin- by ' 
first constructing the basic structure*. 
1 IMPLICATION: A teaching 
method that focuses, bn students 



constructing brain structures from basic 
' to high level, Le., on students acquiring 
knowledge from superficial to in-depth, 
will help. (See the "Natural Teaching 
. Method" ui'GW 1990-1991.) 

6. PRINCIPLE: Brain structures ' 
grow when learners are active. Activity ■■ 
.and stimulation prepare the neurons 
for— and facilitate — new growth. 

' IMPLICATION: Keeping the ' 
activity level as high as possible will 
help. This three^step cycle works well: 
students do a task individually (to 
activate their own brain), then share in 
small groups of 3-4 (to have active 
interaction), finally debrief and process 
* as a whole group (to keep actuary high 
as a community). (See Gamut 1990- 
1991.) 

7, PRINCIPLE: Emotions affect . - 
the growth and functioning of brain 
•structures, (See Gamut 1990-1991). 

IMPLICATION: It wilt help if 
the class/learning environment is 
positive, supportive, encouraging— . 
with the teacher s full belief in students' ' 
desire and innate ability to learn when 
they have the oprx)rtuniry to learn the 
way their brain naturally learns. 

♦ 8. PRINCIPLE: DNA can affect 
how quickly brain structures grow for 
different things, 'accounting for 
aptitudes. ' . . 

IMPLICATION: Expect that- 
some students might have t a genetic 
advantage. -A 

-What would be the consequences 
.of following the principles and 
t* implications, of.' Learning, .for-j. 
Empowerment (see above)? ) 

Would we go more slowly and 
lecture, less in order to provide more 
time' and opportunity for students to * 
. thoroughly grow their brain structures' 
, ( through sufficient authentic active, in- ^ 
class participation and practice? Would 
we need to cover less in a quarter?- : 
'Would ' we need to revise, our \* 
curriculum? . ( '•...;. *\ , K \ " \ ; 

' ' If ''magical M tI^fe^dc^Vexist/ , 
as the research seems to show, then' 
perltaps^ we need seriously to consider. 
4 these consequences* . ■ 



